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PREFACE 

The  work  reported  herein  was  conducted  by  the  Arnold  Engineering  Development 
Center  (AEDC),  Air  Force  Systems  Command  (AFSC),  at  the  request  of  the  Air  Force 
Flight  Dynamics  Laboratory  (AFFDL/FER),  AFSC,  Wright-Patterson  Air  Force  Base,  Ohio, 
for  the  Goodyear  Aerospace  Corporation,  Akron,  Ohio.  The  results  presented  were  obtained 
by  ARO,  Inc.  (a  subsidiary  of  Sverdrup  &  Parcel  and  Associates,  Inc.),  contract  operator 
of  AEDC,  AFSC,  Arnold  Air  Force  Station,  Tennessee.  The  work  was  done  under  ARO 
Project  No.  PA340,  and  the  manuscript  was  submitted  for  publication  on  September  19, 
1973. 
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1.0  INTRODUCTION 

The  purpose  of  this  test  program  was  to  evaluate  a  recently  developed  textile  material 
(Fiber  B)  that  could  result  in  a  significant  reduction  of  weight  and  volume  of  parachute 
systems.  Tests  were  conducted  to  compare  deployment  and  inflation  characteristics  of 
conical  ribbon  parachutes  having  individual  parachute  components  constructed  of  Fiber 
B  material  or  conventional  nylon  material.  Sixteen  parachutes  were  deployed  from  a 
strut-mounted  cylindrical  forebody  with  a  flared  base  section.  Dynamic  deployment  drag 
data  for  all  parachutes  were  obtained  at  a  Mach  number  of  0.8  and  dynamic  pressures 
from  350  to  530  psf.  Two  parachutes  were  tested  for  steady-state  drag  characteristics 
at  Mach  numbers  from  0.6  to  1.3  and  a  dynamic  pressure  of  200  psf. 

2.0  APPARATUS 


2.1  TEST  FACILITY 

The  AEDC  Propulsion  Wind  Tunnel  (16T)  is  a  closed-circuit,  continuous  flow  wind 
tunnel  capable  of  operation  between  Mach  numbers  0.20  and  1.60.  The  tunnel  can  be 
operated  over  a  stagnation  pressure  range  from  120  to  4300  psfa,  depending  on  Mach 
number.  The  test  section  stagnation  temperature  can  be  controlled  through  a  range  of 
about  80  to  160°F  as  a  function  of  cooling  water  temperature.  The  wind  tunnel  specific 
humidity  is  controlled  by  removing  tunnel  air  and  supplying  makeup  air  from  an 
atmospheric  dryer.  A  more  complete  description  of  the  wind  tunnel  and  its  operating 
characteristics  can  be  found  in  Ref.  1. 

A  sketch  showing  the  model  location  and  strut  support  arrangement  in  Tunnel  16T 
is  presented  in  Fig.  1. 

2.2  TEST  ARTICLES 

2.2.1  Model  Forebody  and  Deployment  System 

The  parachutes  were  deployed  from  a  strut-mounted  forebody  during  these  tests. 
An  ogive  nose  section  is  normally  used  on  the  forebody;  however,  when  difficulties  were 
encountered  in  deployment,  the  nose  was  removed  to  use  dynamic  pressure  forces  to  assist 
the  deployment  spring  system.  A  dimensional  sketch  and  a  test  section  installation 
photograph  are  presented  in  Figs.  2  and  3,  respectively. 

The  parachute  package  was  placed  in  the  forebody  storage  compartment  located  in 
the  flared  base  section  of  the  model  and  was  restrained  against  a  spring-loaded  plate  by 
four  straps.  These  straps  were  connected  by  a  pyrotechnic-activated  release  pin  mechanism. 
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A  test  section  parachute  installation  photograph  is  presented  in  Fig.  4.  The  riser  lines 
of  the  parachutes  were  fastened  by  two  pins  to  a  load  cell  arrangement  located  in  the 
model  forebody.  A  sketch  of  this  arrangement  is  shown  in  Fig.  5. 

2.2.2  Parachute  Details 

Five  basic  parachute  configurations  were  tested.  The  individual  parachute  components 
(suspension  lines,  radials,  and  canopy  ribbons)  in  each  configuration  were  constructed  with 
either  Fiber  B  material  or  nylon  material.  (See  Table  1  for  identification  of  the  material 
makeup  of  each  test  parachute  configuration.) 

The  sixteen  parachutes  tested  were  20-deg  conical  ribbon  chutes  with  a  geometric 
porosity  of  15  percent.  The  nominal  diameter  was  6.4  ft  with  an  inflated  diameter  of 
approximately  4.2  ft.  Each  parachute  had  16  gores,  16  suspension  lines,  and  14  horizontal 
ribbons  with  individual  suspension  line  strength  of  approximately  1500  lb.  A  sketch 
showing  the  common  dimensions  of  all  test  parachutes  is  presented  in  Fig.  6. 

All  test  parachutes  were  constructed  of  equal  strength.  Since  Fiber  B  material  has 
a  two-to-one  strength-to-weight  ratio  as  compared  to  nylon  material,  a  weight  reduction 
was  realized  in  those  parachutes  having  components  made  of  Fiber  B  material,  as  shown 
in  Fig.  7.  A  corresponding  packed  volume  saving  was  achieved  for  parachutes  of  Fiber 
B  construction,  based  on  the  lighter  weight  for  the  same  strength  and  greater  density 
of  Fiber  B  material  compared  to  that  of  nylon  material  (specific  gravity  1.44  for  Fiber 
B  versus  1.14  for  nylon).  The  approximate  volume  of  each  test  parachute  configuration 
is  presented  in  Fig.  8. 

2.3  INSTRUMENTATION 

The  parachute  drag  load  was  measured  by  a  20,000-lb  capacity,  dual-element  load 
cell  to  within  an  accuracy  of  ±4  lbf.  The  outputs  from  the  load  cell  were  digitized  and 
recorded  on  magnetic  tape  for  on-line,  steady-state  data  reduction  and  were  recorded  by 
a  high-speed  digital  data  recording  system  at  a  sampling  rate  of  approximately  2000  samples 
per  second  for  off-line  data  reduction  of  parachute  drag  dynamics.  These  outputs  were 
also  continuously  recorded  on  direct-writing  oscillographs  for  monitoring  of  load  dynamics. 

Five  motion-picture  cameras  and  a  70-mm  still  camera  visually  documented  the  test, 
and  television  cameras  were  utilized  to  monitor  the  forebody  and  parachutes  during  the 
test. 
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3.0  PROCEDURE 

Before  the  initiation  of  the  wind  tunnel  test  operation,  the  parachute  package  was 
installed  in  the  forebody  storage  compartment.  After  test  conditions  were  achieved,  a 
countdown  procedure  was  used  to  sequence  data  acquisition  during  deployment  of  the 
parachute.  The  deployment  procedure  consisted  of  activation  of  the  oscillographs,  the 
high-speed  digital  recording  system,  and  the  motion-picture  cameras,  followed  by  the 
ignition  of  the  pyrotechnic  squib  which  initiated  the  release  pin  mechanism  to  deploy 
the  parachute.  After  inflation  of  the  chute,  steady-state  drag  loads  were  acquired  by 
electrically  averaging  the  load  cell  analog  output  over  an  interval  of  1  sec. 

The  steady-state  drag  data  were  reduced  to  coefficient  form  using  a  reference  area 
based  on  the  nominal  parachute  diameter  of  6.4  ft  and  by  using  the  tunnel  test  dynamic 
pressure  value  acquired  after  inflation  of  the  parachute.  Because  of  the  sudden  increase 
in  tunnel  blockage,  the  tunnel  Mach  number  and  dynamic  pressure  after  inflation  of  the 
parachute  for  each  test  were  approximately  93  percent  and  90  percent,  respectively,  of 
the  values  prior  to  deployment.  The  post-deployment  (approximately  2  sec  after 
deployment)  dynamic  drag  performance  parameters,  such  as  standard  deviation,  average 
drag  coefficient,  skewness,  and  kurtosis  were  calculated  from  the  data  recorded  by  the 
high-speed  recording  system  utilizing  the  statistical  analysis  program  which  is  outlined  in 
Ref.  2. 

A  summary  of  testing  is  presented  in  Table  2.  The  nominal  tunnel  conditions  prior 
to  the  time  of  deployment  of  the  parachutes  are  listed  for  all  configurations  except  for 
those  parachutes  which  deployed  prematurely.  For  those  designated  parachutes,  the  tunnel 
conditions  after  parachute  inflation  are  listed.  Each  parachute  was  deployed  at  only  one 
test  condition.  The  model  forebody  angle  of  attack  and  angle  of  sideslip  were  zero  deg  at 
all  test  conditions. 


4.0  RESULTS  AND  DISCUSSION 
4.1  STEADY-STATE  PERFORMANCE 

The  data  presented  in  Fig.  9  show  the  variation  of  the  steady-state  drag  coefficient 
with  free-stream  dynamic  pressure  for  the  individual  parachute  configurations  composed 
partially  or  wholly  of  Fiber  B  material  compared  to  the  all-nylon  parachute  configuration. 
These  data  were  obtained  by  electrically  averaging  the  analog  outputs  over  1-sec  intervals. 
As  shown,  an  increase  in  the  dynamic  pressure  had  little  effect  on  the  drag  of  the  all-nylon 
parachute  configuration,  NNN.  This  same  increase  in  the  dynamic  pressure  resulted  in 
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a  small  increase  in  drag  for  the  all-Fiber  B  parachute  configuration,  BBB,  and  for  parachute 
configuration  NBB. 

In  Fig.  9,  the  NNB,  NBB,  and  BBB  parachutes  exhibited  slightly  less  drag  than  the 
NNN  parachute.  Because  the  ratio  of  elongation-to-break  of  Fiber  B  material  is  from  25 
to  33  percent  that  of  nylon  material,  the  NNN  parachute  had  a  larger  inflated  diameter 
and  thus  a  larger  drag  coefficient  based  on  the  nominal  diameter  than  did  the  Fiber  B 
parachutes.  In  general,  there  was  good  agreement  between  the  data  presented  in  Fig.  9 
and  the  average  steady-state  drag  coefficient  calculated  by  the  statistical  analysis  program. 
Two  exceptions  are  the  BNN  parachute  at  a  dynamic  pressure  of  318  psf  and  a  drag 
coefficient  value  of  0.591  and  the  NBB  parachute  at  a  dynamic  pressure  of  317  psf  and 
a  drag  coefficient  value  of  0.604.  Analysis  of  the  motion  pictures  and  the  photographs 
as  taken  by  the  70-mm  still  camera  presented  in  Fig.  10  indicate  that  these  two  parachutes 
wound  about  their  suspension  lines,  decreasing  the  inflated  diameter  and  thus  lowering 
the  drag. 

Presented  in  Fig  11  is  the  variation  of  steady-state  drag  coefficient  as  a  function 
of  Mach  number  for  two  NBB  parachutes.  The  data  agreement  shown  is  indicative  of 
the  uniform  construction  of  the  test  parachutes. 

Figure  12  shows  the  steady-state  drag-to-weight  advantage  of  Fiber  B,  and  Fig.  8 
shows  the  corresponding  volume  reduction  that  can  be  achieved  by  substituting  Fiber  B 
material  for  nylon  material  in  parachutes.  An  increase  of  76  percent  in  drag-to-weight 
ratio  with  a  63-percent  volume  reduction  and  a  48-percent  weight  reduction  can  be  realized 
with  Fiber  B-constructed  parachutes  compared  to  nylon-constructed  parachutes. 

4.2  PARACHUTE  DYNAMIC  CHARACTERISTICS 

Typical  deployment  drag  time  traces  of  the  five  parachute  configurations  at  a 
deployment  Mach  number  of  0.8  and  a  dynamic  pressure  of  350  psf  are  presented  in 
Fig.  13.  The  traces  show  the  relative  time  for  deployment  as  referenced  to  the  time  of 
squib  ignition  and  indicate  the  associated  dynamics  during  deployment.  The  snatch  load 
occurs  at  the  full  extension  of  the  riser  and  suspension  lines,  and  the  opening  shock  load 
occurs  at  the  inflation  of  the  chute.  An  original  concern  about  parachute  deployment 
was  that  parachutes  constructed  with  Fiber  B  would  not  absorb  the  opening  shock  load 
as  well  as  those  made  of  nylon  material.  Because  Fiber  B  material  has  a  smaller 
elongation-to-break  ratio  than  nylon  material,  the  ability  to  absorb  opening  shock  energy 
by  elongation  is  less  for  Fiber  B  than  for  nylon.  The  opening  shock  loads  obtained  from 
the  oscillograph  (see  Table  2)  for  the  parachutes  constructed  of  nylon  material  and  for 
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those  constructed  of  Fiber  B  material  are  approximately  the  same,  however,  indicating 
equal  shock  load  energy  absorption. 

The  traces  in  Fig.  13  show  a  shorter  damping  time  for  the  deployment  drag  dynamics 
for  the  parachutes  constructed  of  Fiber  B  material  than  for  those  constructed  of  nylon 
material. 

The  post-deployment  parachute  drag  dynamic  characteristics  (approximately  2  sec 
after  deployment)  of  each  parachute  were  determined  from  the  statistical  analysis  program 
which  reduces  the  drag  data  recorded  by  a  high-speed  digital  data  recording  system  at 
a  sampling  rate  of  2000  samples  per  second  and  which  calculates  the  drag  distribution 
parameters  of  kurtosis,  skewness,  standard  deviation,  and  the  average  drag  coefficient.  The 
parameters  are  tabulated  on  the  dynamic  drag  coefficient  distribution  sample  plot  presented 
in  Fig.  14  and  summarized  in  Table  3.  Also  presented  is  the  95-percent  confidence  level 
interval,  which  can  be  interpreted  as  representing  a  quantitative  measurement  of  drag 
dynamics  at  a  95-percent  confidence  level.  The  drag  dynamics  of  the  test  parachutes  can 
be  compared  by  each  parachute's  relative  dynamic  parameter,  which  is  found  by  dividing 
the  95-percent  confidence  interval,  expressed  as  the  drag  coefficient  interval,  by  the  average 
drag  coefficient.  These  values  are  also  tabulated  in  Table  3.  The  significance  of  the  relative 
dynamic  parameter  can  be  shown  by  reviewing  the  drag  dynamic  characteristics  of  a 
parachute  having  a  Gaussian-type  drag  distribution  when  values  of  zero,  unity,  and  two 
are  assigned  to  the  relative  dynamic  parameter.  A  value  of  zero  implies  no  dynamics; 
a  value  of  unity  implies  that  the  magnitude  of  the  dynamics  about  the  average  drag 
coefficient  is  equal  to  50  percent  of  the  average  drag  coefficient;  a  value  of  two  implies 
that  the  magnitude  of  the  dynamics  about  the  average  is  equal  to  100  percent  of  the 
average  drag  coefficient.  The  deviation  of  the  skewness  parameter  from  zero  indicates  that 
the  statistical  distribution  is  not  symmetrical  about  the  average  drag  coefficient.  Positive 
values  of  this  parameter  indicate  higher  dynamics  above  the  average  value,  and  likewise, 
negative  values  indicate  lower  dynamics  than  the  average  value.  A  value  of  three  for  the 
kurtosis  parameter  represents  a  typical  Gaussian-type  statistical  distribution. 

As  shown  in  Table  3  and  Fig.  15,  the  relative  dynamic  parameter  and  the  standard 
deviation  of  parachutes  partially  or  wholly  constructed  of  Fiber  B  material  are  less  than 
those  of  the  all-nylon  parachute.  The  BBB  and  NBB  parachutes  which  have  Fiber 
B-constructed  radials  and  canopy  ribbons  exhibit  the  least  post-deployment  drag  dynamics 
and  the  smallest  standard  deviations.  This  indicates  that  most  of  the  drag  dynamics  can 
be  eliminated  by  constructing  parachute  canopies  with  Fiber  B  material  in  place  of  nylon 
material.  Statistical  analysis  data  of  the  BNN1  and  NNN4  parachutes  is  not  comparable 
with  the  rest  of  the  data  because  these  parachutes  collapsed  during  data  acquisition. 
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Analysis  of  the  motion  pictures  shows  there  are  no  trends  evident  in  winding  of 
the  riser  lines  or  suspension  lines  or  in  translational  movement  among  the  various  parachutes 
tested.  Some  chutes  did  collapse  after  the  suspension  lines  and  riser  lines  had  wound, 
but  this  characteristic  was  not  limited  to  any  parachute  type  and  could  be  eliminated 
by  the  use  of  a  swivel.  The  motion  pictures  show  that  the  NNN2,  NNN3,  NBB2,  and 
BBB1  parachutes  wound  about  the  riser  lines.  The  parachutes  that  collapsed  because  of 
winding  were  the  NNN4,  BNN1,  and  NBB1  parchutes.  Parachutes  suffering  damage  during 
deployment  were  the  NNN1,  which  wound  about  the  riser  lines  and  suspension  lines  after 
creating  two  holes  in  the  canopy,  and  the  BBB4,  which  remained  stable  after  breaking 
one  suspension  line. 


5.0  CONCLUDING  REMARKS 

Tests  were  conducted  to  determine  the  deployment  and  inflation  characteristics, 
dynamics,  and  drag  of  parachutes  constructed  with  a  new  textile  material,  Fiber  B.  The 
tests  were  conducted  at  Mach  numbers  from  0.6  to  1.3  and  dynamic  pressures  from  200 
to  530  psf.  The  following  observations  summarize  the  results. 

1 .  An  increase  of  76  percent  in  drag-to-weight  ratio  with  63-percent  volume 
reduction  and  48-percent  weight  reduction  can  be  achieved  with  Fiber 
B-constructed  parachutes  compared  to  nylon-constructed  parachutes. 

2.  Fiber  B-constructed  parachutes  absorbed  opening  shock  loads  as  well  as 
all  nylon-constructed  parachutes. 

3.  The  steady-state  drag  of  the  all-Fiber  B  parachute  increased  with  increasing 
dynamic  pressure,  whereas  the  all-nylon  parachute  steady-state  drag  was 
constant  with  increasing  dynamic  pressure. 

4.  Parachutes  partially  or  wholly  composed  of  Fiber  B  material  exhibited  less 
steady-state  drag  than  the  all-nylon-constructed  parachutes  at  the  same 
dynamic  pressures. 

5.  The  damping  time  for  the  deployment  drag  dynamics  was  shorter  for  the 
Fiber  B-constructed  parachutes  compared  to  the  all-nylon  constructed 
parachutes. 

6.  Post-deployment  drag  dynamics  for  Fiber  B-constructed  parachutes  were 
lower  compared  to  all-nylon-constructed  parachutes.  The  least  drag 
dynamics  occurred  for  those  parachutes  having  radials  and  canopy  ribbons 
constructed  of  Fiber  B  material. 
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Figure  1 .  Model  location  in  test  section. 
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Figure  2.  Sketch  of  model  forebody. 
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Figure  3.  Installation  of  model  forebody  in  test  section 
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Figure  5.  Sketch  showing  load  ceil  installation. 
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Figure  6.  Sketch  of  test  parachute. 
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Figure  7.  Weight  comparison  of  parachute  configurations. 
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Figure  10.  Typical  photographs  of  deployment  and  inflation  of  the  parachute 
configurations,  M„  =  0.8,  q„  =  350  psf. 
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Figure  12.  Drag-to-weight  ratio  of  various  configurations,  M.  =  0.8,  q„  =  350  psf. 
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CONFIGURATION  NNN  2 


CONFIGURATION  BNN  I 


Figure  13.  Deployment  characteristics  of  various  configurations,  =  0.8, 
=  350  psf . 
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NORMALIZED  FREQUENCY,  N|/(Ni)MAx 


Cdp  O'  SKEWNESS  KURTOSIS  (Nj)MAX  N  RDP 
0.645  0.012  0.004  2.976  1247  4096  0.1 1  I 

Cn.  =  0.645  +  °'04®  (95%  CONFIDENCE  LEVEL) 
p  -  0.023 


NORMALIZED  DRAG  DISTRIBUTION,  tCDp. - CDp)/cr 

Figure  14.  Typical  distribution  plot  of  the  parachute  dynamic  drag  characteristics, 
M„  =  0.8,  q*  =  440  psf,  configuration  BBB3. 
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Table  1.  Parachute  Configuration  Construction 


Parachute 

Type 

Run 

Numbers 

Material  Construction 

Suspension 

Lines 

Radials 

Canopy 

Ribbons 

NNN 

1-4 

Nylon 

Nylon 

Nylon 

NNB 

1-2 

Nylon 

Nylon 

Fiber  B 

NBB 

1-4 

Nylon 

Fiber  B 

Fiber  B 

BNN 

1  -  2 

Fiber  B 

Nylon 

Nylon 

BBB 

1-4 

Fiber  B 

Fiber  B 

Fiber  B 

Table  2.  Test  Summary 


Configuration 

Nominal 
Mach  Number, 
M. 

Nominal 

Dynamic  Pressure, 

q«*  psf 

Opening 
Shock  Load, 
lb 

NNN1 

0.80 

530 

11,  870 

NNN  2 

0.80 

350 

10, 090 

NNN  3 

0.80 

350 

9,  490 

NNN4 

0.80 

530 

14,  640 

NNB1 

0.80 

350 

8,  700 

**NNB2 

0.57 

165 

6,  130 

BNN1 

0.80 

350 

8,  900 

**BNN2 

0.68 

239 

— 

NBB1 

0.80 

350 

8,  310 

NBB  2 

0.80 

350 

8,  710 

* 

**NBB3 

0.66 

337 

9,  890 

♦NBB4 

0.80 

5  30 

13,  260 

BBB1 

0.80 

350 

9,  500 

BBB  2 

0.80 

350 

8,510 

BBB  3 

0.80 

440 

10, 680 

BBB4 

0.80 

530 

11,  670 

♦Steady-state  data  acquired  at  M„,  =  0.6  to  M„=  1.3  and  qa)=  200  psf 
♦♦Premature  deployment 
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Table  3.  Parachute  Statistical  Analysis  Summary 


Configuration 

Average 

Drag 

Coefficient, 

CDp 

cr. 

Deviation 

Skewness 

Kurtosis 

N, 

Total 

Number 

Samples 

Relative 

Dynamic 

Parameter 

NNN1 

0.625 

0.038 

0.935 

2.445 

4096 

0.307 

NNN2 

0.659 

0.039 

0.588 

3.070 

4096 

0.  347 

NNN4 

0.649 

0.019 

-0. 317 

2.666 

4096 

0.173 

NNB1 

0.656 

0.029 

-0.470 

2.845 

4096 

0.  257 

BNN1 

0.660 

0.029 

0.419 

2.979 

4096 

0.259 

NBB2 

0.629 

0.013 

-0. 320 

2.994 

4096 

0.  126 

BBB1 

0.627 

0.015 

0.474 

2.807 

4096 

0.  138 

BBB2 

0.624 

0.014 

0.020 

3.185 

4096 

0.136 

BBB3 

0.645 

0.012 

0.004 

2.976 

4096 

0.  Ill 
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CDp 

CDpi 


D 

M„ 

N 


(Ni)max 


q- 

s 


v  N 
vx 

WN 


Wx 

X/D 


a 


Relative 

Dynamic 

Parameter, 

RDP 


NOMENCLATURE 

Parachute  drag  coefficient,  D/qMS 

Mean  parachute  drag  coefficient  value  of  each  cell  in  the  statistical  analysis 
program,  D/qjS 

Drag  force,  lb 

Free-stream  Mach  number 

Total  number  of  drag  coefficient  data  samples  used  in  the  statistical  analysis 
program 

Number  of  drag  coefficient  data  samples  in  each  cell  of  the  statistical 
analysis  program 

Maximum  number  of  drag  coefficient  samples  in  any  cell  of  the  statistical 
analysis  program 

Free-stream  dynamic  pressure,  psf 
Parachute  reference  area,  32.169  sq  ft 
Volume  of  nylon  parachute  configuration 
Volume  of  any  parachute  configuration 
Weight  of  nylon  parachute  configuration 
Weight  of  any  parachute  configuration 

Distance  in  forebody  diameters  (D  =  17.6  in.)  from  model  base  to  leading 
edge  of  parachute  skirt,  9.024 

Standard  deviation  of  the  distribution  of  drag  coefficient  data  determined 
from  the  statistical  analysis  program 

Ratio  of  the  95-percent  confidence  level  interval,  expressed  as  drag 
coefficient  interval,  of  a  distribution  of  drag  coefficient  data  to  the  average 
drag  coefficient  value  as  determined  from  the  statistical  analysis  program 
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